Study Design: Case report. Background: To present the rehabilitative course, decision-making, and clinical milestones that allowed a top-level professional soccer player to return to full competitive activity 90 days after surgery. Case Description: The patient was a 35-year-old forward player who sustained an isolated complete tear of the left anterior cruciate ligament (ACL) in the midst of the competitive 2001-2002 season. He was in contention for a position on the Italian World Cup Team that was to be played 135 days after his injury, only if he demonstrated that he could return to play at the highest level before the team was selected. The patient underwent an arthroscopically assisted ACL reconstruction with a double-loop semitendinosus-gracilis autograft 4 days after the injury. Eight days after surgery he began rehabilitation at a rate of 2 sessions a day, 5 days a week, plus 1 session every Saturday morning. These sessions were performed in a pool for aquatic exercises, in a gymnasium for flexibility, coordination, and strength exercises, and on a soccer field for recovery of technical and tactical skills, with continuous monitoring of training intensity. Outcomes: The surgical technique and the progressive rehabilitation program allowed the patient to play for 20 minutes in an official First Division soccer game 77 days after surgery and to play a full game 90 days after surgery. Eighteen months postsurgery, the player had participated in 62 First Division matches, scoring 26 times, and had received no further treatment for his knee. Discussion: This case report suggests that early return to high-level competition after ACL reconstruction is possible in some instances. Some factors that may have favored the early return include optimal physical fitness before surgery, a strong psychological determination, an isolated ACL lesion, a properly placed and tensioned graft, a personalized progression of volume and intensity of exercise loads, and an appropriate density of rehabilitative training consisting of a mix of gymnasium, pool, and field exercises. J Orthop Sport Phys Ther 2005;35:52-66. 
T he fastest possible safe return to competitive games after anterior cruciate ligament (ACL) reconstruction for a professional athlete is the goal of every sports rehabilitation team. While there is no consensus of opinion about timing, 23, 26 surgical techniques, and rehabilitative protocols after ACL rupture, several studies demonstrate that early accelerated and progressive protocols of rehabilitation do not adversely affect functional recovery. 12, 13, 21, 22 The timetable for return to full activity after ACL reconstruction has moved from longer than a year in the 1970s to a range of 4 to 9 months today. 11, 12, 22, 24 Information about resolution of impairments after ACL injur y (muscle strength, range of motion [ROM] , effusion) is readily available in the literature, but there is little information about how activity affects graft healing. 1, 3 While it is clear that immobilization adversely affects healing, appropriate levels of activity to optimally load the graft at each stage of healing have not been determined.
The pressure to return elite professional athletes to preinjury competitive levels is immense. The intensity at which they must perform upon return to competition presents additional burdens to the athlete and the rehabilitation professionals. The athlete, being a professional, however, allows for more frequent and more intense (hours per day) rehabilitation to facilitate return to play. Indiscriminate acceleration of rehabilitation can be dangerous; therefore, in sports medicine, the answer to the question ''How soon can he/she return to play?'' must always be ''As fast as safely possible.' ' The purpose of this case report is to detail the evaluation, rehabilitation, and functional recovery of a top-level athlete following an isolated ACL injury. While the extent and intensity of the rehabilitation is not typical, there are some aspects of the progression of this athlete that are generalizable to ACL rehabilitation for all. Thus we present the rehabilitative course, decision-making, and clinical milestones that allowed a professional soccer player to return to full competitive activity in the Italian First Division 90 days after surgery.
CASE DESCRIPTION
A forward soccer player (age, 35 years; height, 176 cm; mass, 76 kg) sustained a complete tear of his left ACL during the 59th minute of a professional league game during the 2001-2002 season. The mechanism of injury was noncontact and there were no concomitant ligament or cartilage injuries. The day after the injury the player was unable to walk without a limp, walked with crutches without weight bearing, had a grade 3 (2+) effusion, had full knee extension, had a knee flexion deficit of 15°, had a pain score between 2 and 3 on a 1-to-10 scale, had a positive (++) Lachman test, and had a positive (+) Drawer test. After the injury and until surgery, the patient was self-treated with ice, rest, and elevation.
While typically the athlete would have not attempted to return until the next competitive season, he was in contention for a position on the Italian World Cup Team that was to be played 135 days after his injury, only if he could demonstrate that he could return to play at the highest level before the team was selected.
He had played soccer in the Italian First Division (Serie A) since the 1986 season and had played on 3 previous Italian World Cup teams. Throughout his career he suffered multiple lower extremity contusions, sprains, and muscle strain injuries typical of soccer players who play at the highest level. He had not previously injured his left knee, but had undergone a right ACL reconstruction 16 years ago. 
Surgery
He underwent an arthroscopically assisted ACL reconstruction with a double-loop semitendinosusgracilis autograft 4 days after the injury (Figure 1 ). 15 The tendons were harvested maintaining their tibial insertion. Sutures were tightened at the free proximal tendon ends to obtain a sufficient strength to traction. The tibial tunnel was located in the medial, posterior part of the ACL tibial insertion. For the femoral tunnel, the knee was flexed around 130°and the guide pin was advanced until it passed the femoral cortex. The exit point in the lateral aspect of the femur was immediately above the end of the lateral femoral condyle. After the lateral incision, the tendons were passed ''over the top.'' The correct placement was found by palpating the posterior tubercle of the lateral femoral condyle with a finger. The stitches on the free end of the tendons were tied onto the passing suture that was pulled through the knee joint into the over-the-top position. A suture loop was introduced into the joint through the anteromedial portal using a suture passer and then pulled into the femoral tunnel under the arthroscopic view. The stitches on the free end of the tendons were looped again onto the passing suture, which was pulled through the femoral tunnel, knee joint, and tibial tunnel to retrieve the graft from the tibial incision. The combined gracilis and semitendinosus tendons were then tensioned and secured with a transosseus suture knot. This technique attempts to reproduce the kinematic effect of both anteromedial and posterolateral bundle of the ACL with a 4-bundle reconstruction.
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Initial Examination
Patient evaluation and identification of rehabilitation outcomes were performed on postoperative day (POD) 8, POD 11, and then weekly until discharge. During each examination, effusion was evaluated using a stroke test and a 0-to-4 scale where grades of 0 to 1 (0 to trace effusion) were necessary to allow rehabilitation progression. The stroke test is performed with the patient in supine and the knee relaxed in full extension. The examiner performs several strokes upward from the medial joint line towards the suprapatellar pouch in an attempt to move effusion from the medial aspect of the knee. The examiner then strokes downward on the lateral side of the knee from the suprapatellar pouch towards the lateral joint line, observing the medial aspect of the knee in an effort to appreciate a fluid wave emanating from the suprapatellar pouch. If no wave is produced with the downward stroke, there is no effusion present (0). If the downward stroke produces a small wave on the medial side of the knee, the effusion is given a ''trace'' (grade 1) rating; a larger bulge is given a 1+ (grade 2) rating. If the effusion returns to the medial side of the knee without a downward stroke, the effusion is given a 2+ (grade 3) rating. The inability to move the effusion out of the medial aspect of the knee equates to a 3+ (grade 4) rating. 2 ROM was assessed using a large (30-cm), clear plastic universal goniometer. Pain was assessed using a verbal rating scale of 1 to 10, where 1 is defined as no pain and 10 as maximum pain. Functional milestones were also assessed. The presence of knee pain or loss of ROM were criteria for slowing the rehabilitation progression. At the time of the first examination (POD 8), the patient had a trace effusion, pain (rating 3) only to the knee flexors, and knee ROM was from 10°to 80°of flexion. He walked with crutches, applying partial weight bearing, and was not immobilized in a brace (Table 1) .
Intervention
After surgery the patient was instructed in a home exercise program that included rest, elevation, ice (2 to 3 times a day for 20 minutes), passive and active ROM exercises, and neuromuscular electrical stimulation of the quadriceps using a battery-powered stimulator with his knee in full extension.
Eight days after surgery the patient began supervised rehabilitation. The frequency of his rehabilitation sessions was twice a day, 5 days a week, plus 1 weekend session every Saturday morning. The details of the rehabilitation program are listed in Table 2 . Generally, there were specific interventions addressing ROM, strength, proprioception, pain, swelling, and aerobic fitness in each rehabilitation session. After the sutures were removed the patient began water exercises that comprised approximately half of the sessions during weeks 3 through 5 ( Table 2 ). The rehabilitative work in the pool incorporated sportsspecific drills, such as heading drills (Figure 2 ), in preparation for transition to rehabilitation on the soccer field. In the first 4 weeks, the hamstrings were treated as if affected by a severe muscle tear, because of the surgical trauma related to harvesting of the graft. Massage and flexibility exercises were allowed and only isometric hamstring-strengthening exercises were performed.
One week after the first evaluation (POD 15), the left knee ROM was from 0°to 115°of flexion, and the patient had pain (rating 2) only to the knee flexors and a trace (grade 1) effusion. We therefore began a treadmill walking/running progression to facilitate a return to running. Criteria for progression were no knee pain, no increase in effusion, and continued increase in knee ROM. Distance grade and speed progressed as listed in Table 2 .
A unique aspect of this program was the attention to maintaining an overall fitness level compatible with playing soccer at the premier level. At 1 month after surgery, the patient had full ROM (2°-0°-140°), and 0 to trace effusion. He was then progressed to running on the treadmill in preparation for returning to high-level activity. Running in the pool, swimming with resistance, and walking at a fast pace on an incline were all used to increase aerobic capacity. The goal of the program was to achieve elite levels of aerobic and anaerobic fitness at the time of return to competition. The mean (±SD) aerobic threshold running speed for elite forwards in soccer is 11.8 ± 1.4 km/h and the anaerobic threshold speed is 14.1 ± 1.4 km/h. 20 General and sport-specific drills on a soccer field began 39 days after surgery as the examination of the left knee showed no pain, no swelling, normal ROM, a left knee extensors force of at least 80% of the right side, as measured isometrically on an electromechanical dynamometer at 80°of knee flexion, and successful completion of a running progression running at 8 to 10 km/h without symptoms for about 20 minutes. On the soccer field, sport-specific drills, such as sprinting, changing direction, jumping, dribbling, and kicking, were begun at submaximal intensity. The athlete did not use any knee brace. 13 During each rehabilitative session on the soccer field, the patient wore the heart rate monitor (Sportester; Polar Electro, Kempele, Finland) to control the metabolic intensity of the rehabilitative training. The first few weeks, the emphasis was on aerobic training; anaerobic training was incrementally increased thereafter by increasing the number of minutes of training at heart rates above that at which the anaerobic threshold is reached. All sessions on the rehabilitation soccer field were of a 120-minute duration.
After 1 week of training on the soccer field (POD 45), aerobic and anaerobic thresholds were assessed by an incremental treadmill-running test, starting at 7 km/h, with increments of 2 km/h every 3 minutes until anaerobic threshold was reached, as indicated by a capillary blood lactate concentration of greater than 4 mmol/L (assessed by Lactate Analyzer YSI 1500 Sport [Yellow Spring Corporation, Yellow Springs, OH]). From the relationships between heart rate, lactate, and running speed ( Figure 3 ) it is possible to identify the reference heart rates that allow the patient to control the metabolic intensity of the workout (Figures 4 and 5) . 8 The patient's aerobic threshold was 10.3 km/h and anaerobic threshold was 13.1 km/h. His anaerobic value prior to the 1994 World Championships was 12.9 km/h. The return to official competitions was permitted, considering: lack of subjective feeling of instability, a full recovery in soccer-specific drills, a KT1000 score of less than 2-mm difference from the other side, an aerobic threshold speed greater than 11 km/h, an anaerobic threshold speed greater than 13.5 km/h, and a side-to-side difference in knee extensors isometric torques of less than 10% at 80°of knee flexion.
OUTCOMES
The player returned to an official competitive game 77 days after surgery. At that time, the functional recovery was completed, but the conditioning training was still incomplete (note that total time of a soccer game is 90 minutes). From the data collected during the rehabilitative sessions on the soccer field, we estimated that he would be able to play at the First Division intensity for about 45 to 60 minutes without fatigue. Therefore, he was allowed to play during the last 20 minutes of the game, scoring twice. He participated in training with his team and continued rehabilitation for an additional 2 weeks. At that time, 90 days after ACL reconstruction, he participated in a full game, the last game of the championship, scoring 1 goal. The outcome at the end of the rehabilitation period, 90 days after surgery, was full ROM, isometric quadriceps strength 95% of the contralateral side, no reports of instability, KT-1000 side-to-side difference of less than 2 mm, aerobic threshold speed at 11.8 km/h, and anaerobic threshold speed at 13.9 km/h. We also employed a countermovement jump test where the athlete performed a maximal vertical jump, first on 2 legs, then on the uninvolved leg, followed by the involved leg. There was no difference in vertical jump height (0.20 m) or flight time (0.404 seconds) between limbs.
At 18 months after surgery, isokinetic testing at 90°/s revealed a quadriceps index of 103% (221 Nm/215 Nm) and a hamstring index of 102% (188 Nm/185 Nm) on bilateral comparison. KT-2000 testing (maximum manual force) performed 18 months after surgery was 6.5 mm on the involved side versus 6 mm on the other side. He had played in 62 First Division matches since his return, scoring 26 times, and had received no further treatment for this knee.
DISCUSSION
This case report suggests a high rehabilitation potential after ACL reconstruction in an elite athlete. This soccer player underwent arthroscopically assisted ACL reconstruction with a hamstrings autograft and after 10 weeks of rehabilitation returned to play in a limited capacity and played a full game 90 days after surgery. Two years later, he continues to play soccer at the highest level and has a stable knee by objective testing and self-report. While the breadth and inten-FIGURE 3. The incremental running test for assessing aerobic and anaerobic thresholds. The relationship between heart rate (HR, in beats per minute [bpm] ) and speed (km/h) is indicated with clear dots. The relationship between capillary blood lactate concentrations (mmol/L) and speed (km/h) is indicated with solid dots. The aerobic and anaerobic thresholds are indicated with vertical lines in correspondence of capillary blood lactate concentrations of 2 mmol/L (at 13 km/h, with a heart rate equal to 154 bpm) and 4 mmol/L (at 15.3 km/h, with a heart rate equal to 172 bpm). sity of the rehabilitation described here may only be possible with an individual who has the resources (time and money) to invest in unlimited access to rehabilitation facilities and personnel, much of what is presented has an impact on the discussion of optimal loading of the ACL graft and rehabilitation after ACL reconstruction in general.
This athlete underwent reconstruction less than 1 week after injury. While there is some controversy about the timing of ACL reconstruction following injury, early reconstruction is often performed in professional and top-level athletes when there is little swelling, full knee extension, and the ability to walk without a limp. 9, 12, 21 In this situation the rehabilitation may progress well and the early reconstruction does not preclude an accelerated recovery.
Furthermore, the athlete presented to the rehabilitation center with only a trace effusion 8 days after surgery. One week later, his ROM was 0°to 115°. This underscores an important theme of this presentation: that objective criteria, rather than specific timetables, should guide clinical decision making. This athlete was able to progress quickly. Others, with more severe impairments or impairments that redevelop with added workload, may take more time to progress through the program. Progressions that are time based, rather than criterion based, ignore these interpersonal differences.
This athlete had an isolated lesion of the ACL, with no concomitant ligamentous, meniscal, or chondral injury. These results should not be generalized to those with more complicated injuries. In addition, there is an individual variability in responding to the healing process and rehabilitative protocols. Some patients have a very slow recovery with respect to others, despite the same precautions and care in surgical and rehabilitative therapies. The surgery and rehabilitation of the athlete presented here proceeded without any complication. Our most important measure of overtaxing the knee was effusion. Swelling or knee effusion are important factors in slowing rehabilitation because they inhibit muscular recruitment. 5 Effusion was scored 1+ in the first days after surgery and trace or lower (0-1+), without increments, during the entire rehabilitation period.
14 Again, we believe this underscores the importance of using a criterion-based rather than a time-based approach to progression of rehabilitation.
The early return to official competitive activity may also have been a result of 2 intangibles: the fitness of the athlete/status of the knee before surgery and the mood status/mental preparation for the surgery and rehabilitation. 17, 25 This professional soccer player had been involved in the First Division Championship for many years, where he trained about 5 days every week for approximately 11 months every year. He was in the midst of the competitive season when his injury occurred. The patient was also highly motivated to quickly return to play. He had previously experienced other surgical and rehabilitative interventions and therefore knew what to expect. While this situation may be found among professional athletes, it may be different in those in less competitive situations. 18 In our patient we used a progressive rehabilitation protocol focused on return of full knee extension, control of swelling, proper gait, and quadriceps strengthening. During the rehabilitative program, care was taken to restore muscular strength with isometric, isotonic, and isokinetic training, performed according to the progressive-loading principle. 19 While most reports of accelerated rehabilitation have used bone-patellar tendon-bone autografts as the graft source, accelerated rehabilitation has also been used in the cases of ACL reconstructed with hamstring graft. 12, 14 The medium-to long-term follow-up studies, in which the 2 surgical techniques were compared, demonstrated that they have similar outcomes. 7, 16 The progressive rehabilitation program described here is likely appropriate for both graft types.
The concept of loading of the ACL graft is a matter of great controversy. The most thorough study of ACL graft biology is more than 30 years old and reflects older surgical techniques and prolonged immobilization, which are both detrimental to the knee. 3 More recent basic science research, where isolated tendons under cyclic stress responded positively 11 and where in a single case the graft-knee complex was tested postmortem in an individual who FIGURE 4. Heart rate (HR) pattern during a rehabilitative session in the soccer field 74 days after surgery. The session lasted 115 minutes, with HR between 120 and 170 beats per minute (bpm). S2 is the HR corresponding to the aerobic threshold; S4 is the HR corresponding to the anaerobic threshold.
FIGURE 5.
Training intensity (percent of each rehabilitation session) at each heart rate for each session on the soccer field. Day 1 corresponds to postoperative day (POD) 38; day 21 corresponds to POD 86. died 8 months after reconstruction, 1 suggests that the graft may be responsive to stress. These considerations led our surgical and rehabilitative team to conclude that graded, progressive loading of the ACL graft may facilitate graft healing and incorporation. While we cannot measure the graft response directly, this patient had continued positive responses to progression of rehabilitation with no signs of joint distress.
We introduce the in-field rehabilitation as a cornerstone of accelerated functional recovery of professional athletes. This innovation consists of sportsspecific exercises and drills performed in a playing field under supervision of rehabilitative personnel, without returning the player to the training control of his own sports team. The use of the heart rate monitor and periodic incremental treadmill tests to determine aerobic and anaerobic fitness as well as training intensity is another innovation we present here. Overall fitness is often an afterthought and left to the team to perform after the athlete is discharged from formal therapy. Maintaining the athlete's fitness level at or near that required for competition certainly played a role in the rapid, successful return of this player to competitive soccer.
In the literature there is 1 similar case where an athlete returned to intercollegiate basketball 6 weeks after ACL reconstruction. 4 This athlete had reconstruction using the contralateral patellar tendon as a graft and returned to play an average of 29 of 40 minutes of each game. His 2-year subjective outcomes were reportedly excellent. Despite the fact that a soccer player may be substituted only 1 time and the pattern of the intensity of the game is intermittent without resting pauses, 6 the athlete described in our report also successfully returned to competition quickly after ACL reconstruction. Early return to competitive team activity is possible when the athlete must remain in the game, provided a complete functional recovery of the injured limb has occurred. The individual variability in responding to surgical and rehabilitative therapies is a very difficult matter to assess and needs further investigation.
CONCLUSIONS
This case report suggests that the surgical technique and progressive rehabilitation program used after ACL reconstruction, including on-field rehabilitation with continuous monitoring of training intensity, allowed the patient to play for 20 minutes in an official First Division soccer game 77 days after surgery and to play a full game 90 days after surgery. Optimal physical fitness before the surgery, a strong psychological determination, an isolated or noncomplicated ACL lesion, a properly placed and tensioned graft, a personalized progression of volume and intensity of exercise loads, and an appropriate density of rehabilitative training, consisting in a mix of gymnasium, pool, and field exercises for a total of about 120 sessions over 12 weeks, may all have contributed to this positive outcome.
While the extent and likely timeline of the rehabilitation provided here is not possible for the average person after ACL reconstruction, we suggest that the concepts of personalization of the program, objectivity of criteria for progression, and maintenance of fitness can be generalized to all patients. In fact, this case represents a perfect progression, rather than a typical timeline, with rapid resolution of impairments and excellent response to added workload. 
Invited Commentary
This article by Roi et al explains how a professional soccer player was able to get back to performing at a high level within 90 days after ACL reconstruction with a hamstring autograft. The authors are to be commended for their precise explanation of the exercises used to help this athlete regain not only the level of knee function but also the level of aerobic capacity needed to be able to perform well.
The advantage of a case report is that an author is able to explain what is possible with a specific technique or training method. As the authors mentioned, the timing of surgery and, especially, the timing of the return to activities, are quite controversial. The general feeling is that a quick yet safe return to high-level sports after an ACL reconstruction is more possible with the use of a patellar tendon autograft versus a hamstring graft. The logic behind this feeling is that the patellar tendon autograft provides bone-to-bone fixation, which provides for a quicker incorporation of the ACL graft than the tendon-to-bone fixation provided with the hamstring graft.
I was asked to comment on this article because of my experience with accelerated rehabilitation after ACL reconstruction with a patellar tendon autograft. The current ''accelerated'' rehabilitation that we use with patients is something that has evolved through time. We performed continual data collection and analysis of objective and subjective measurement, then we made small advancements in the progression of the rehabilitation program before we realized how safe patients were with returning to sports quickly after surgery. This process involved a great deal of observation and reporting by patients as to what they could and could not do while attempting to achieve their goals. During this time, we continually measured ligament stability to make sure that the changes we made in rehabilitation did not result in graft loosening. For example, we determined that obtaining normal hyperextension, even at the extreme of 8°t o 15°of hyperextension, did not affect the ability to achieve and maintain stability, as measured with the manual maximum KT1000 test. 3 We also determined that the objective stability measured at the time when patients achieved full knee range of motion compared with that of the contralateral knee did not change at long-term follow-up 2 to 6 years after surgery. 1 It is this type of continued follow-up and data analysis that allowed us to understand what patients were able to do safely after surgery.
I would be interested in knowing what type of data the surgeons had regarding previous patients' abilities to return to sports after ACL reconstruction with a hamstring graft and how they arrived at the current stage, where they felt this type of rehabilitation was possible. Did the authors have a group of patients who they observed returning quickly to sports, which then made them believe that this rehabilitation was possible and also safe? Did the authors document continued knee ligament stability in a large group of patients performing this type of rehabilitation? What are the KT1000 stability results for this patient population? How do we know that this rehabilitation is safe with many patients of this type? Without a group of patients whose data are closely monitored, I could not recommend this rehabilitation be used with all patients receiving hamstring graft for ACL reconstruction. I make this statement cautiously because I do believe an aggressive rehabilitation can be utilized with most graft sources, when the surgery is performed correctly and the graft is placed in the right location. However, it is impossible to recommend a rehabilitation program based on a case report.
Two important rehabilitation factors are absent from this report. First, there is no description of how the patient was able to have full knee range of motion so quickly after the injury to allow the surgery to be performed so soon after the injury. Secondly, the article does not describe what kind of rehabilitation exercises were performed during the first 8 days after surgery? I ask these questions because it is the preoperative and early postoperative periods that I believe are the most important for achieving the optimum outcome after surgery.
All patients, whether high-level athletes or the average person attempting to get back to normal daily activities and light recreational activities, seek to have their knees return to normal after an injury. Normal means that there is symmetry between legs and knees. An athlete can perform only as well as the leg with the least function. The patients need to have full knee range of motion and full leg strength equal to the contralateral normal limb. Our ongoing research tells us that patients who have even a few degrees loss of normal hyperextension in the knee are less satisfied with their result than patients who have normal hyperextension. Therefore, our rehabilitation program revolves around doing what is necessary to achieve this goal. The emphasis of the preoperative rehabilitation and early postoperative rehabilitation is on achieving full knee range of motion, good leg control, and no swelling. When these goals are achieved before surgery, they are certainly much easier to obtain after surgery.
The current ACL rehabilitation we use with patients is knee based and not time based.
2 Each step of the rehabilitation involves goals that must be met before the patient's rehabilitation is advanced to the next level. The rate at which patients go through these steps varies greatly, mostly due to the difference in individual goals and lifestyle.
The first and foremost goal is to achieve full symmetrical knee range of motion. This goal is accomplished by using a cold/compression device to minimize a hemarthrosis from developing, doing specific exercises for knee range of motion, and by keeping our patients in bed rest for the first 5 days after surgery. I strongly believe that a knee that has no swelling and full range of motion will feel normal to the patient, and daily activities will become easy for the patient.
The next goal of obtaining full leg strength will eventually return if full range of motion is obtained; but if stability is obtained at the cost of losing full range of motion, full functional strength will never return. Strength can progress as fast as the patient is able, but in the meantime the patient must be able to maintain symmetrical knee motion and no swelling. Given that patients' knees react differently to legstrengthening exercises, the quickness of which this goal can be obtained is greatly variable. If range of motion decreases or significant swelling occurs, the amount of strengthening exercises should be reduced. Conversely, aggressive strengthening can be performed if range-of-motion or swelling problems do not occur. The patient described in this case report was able to do aggressive strengthening but did not develop swelling or a loss in range of motion.
The return to sporting activities within 90 days after surgery is certainly possible for many athletes. The rehabilitation program described in this case report involves a frequent and intense program that is dependent upon assistance from a physical therapist or athletic trainer. The patient was a professional athlete, which is similar to a workman's compensation situation, wherein that patient needs to be able to return to work as soon as possible. Most patients do not have this type of resource for rehabilitation. A quick return to sports after surgery can also be achieved by only a limited amount of physical therapy visits (4-7), as long as the patient has a good understanding of the goals and has access to legstrengthening machines. I believe the intensive rehabilitation in this case report was needed because of the level of physical condition the athlete needed to achieve to be able to play professional soccer.
To make progress in postoperative rehabilitation for ACL reconstruction, we need case reports like this one to stimulate us to consider what might be possible. I encourage all surgeons and physical therapists to find their surgical procedure and rehabilitation protocol limits. Rather than slow every patient down, discover how your successful patients were able to achieve their goals quickly and safely. The results of this case report have to be encouraging to surgeons performing ACL reconstruction with hamstring grafts. Although the results of this single case are interesting to know, I encourage the authors to further document a large population in which these results can be obtained. 
The clinical management of this thought-provoking and unique case challenges several existing norms for managing ACL injuries. Return to full participation in professional soccer only 90 days after injury was made possible by doing surgery within days of injury, then pursuing an extremely accelerated rehabilitation protocol. The authors report no apparent ill effects on the graft or on subsequent joint function up to 2 years following the injury.
Immediate surgery after ACL injury, while still controversial, is not all that uncommon in high-level athletes. Several retrospective studies have suggested that surgery done immediately after injury was associated with postoperative stiffness compared to reconstructions delayed up to 6 weeks.
1,2,9 But 2 recent papers have shown no effect of timing alone in patients who had recovered full range of motion before ACL reconstruction. 4, 8 No published study on this question is well controlled, prospective, and blinded, and therefore the literature remains inconclusive. In practice, many leading orthopedists agree that preoperative motion, and not time from injury, most likely is the key factor in determining whether there is elevated risk of stiffness postoperatively. In the present case the injury was limited to the ACL alone, with no cartilage or joint surface injury. Preoperative range of motion was documented only on the day after injury, at which time he had full extension and lacked 15°of flexion with a moderate effusion. Two-bundle hamstring ACL reconstruction was performed 3 days later. The patient's range of motion was 0°to 115°on postoperative day 15, and on day 29 it was fully restored; so immediate surgery in this individual caused no problems for return of flexibility.
The highly accelerated postoperative regimen concentrated on maintaining the subject's elite conditioning with the use of a combination of pool and treadmill activities. He seemingly never had significant loss of lower extremity strength or coordination. On day 71 his extension strength was 95% compared to that of the opposite knee. Quite apart from the 120 recorded therapy sessions during the 12-week period of rehabilitation, it would be interesting to see an estimate of cost for use of the gym, pool, and other infrastructure that contributed to his recovery. Even more interesting would be a rundown of the specific objectives in terms of lower extremity motion, strength, and control used in progressing his rehabilitation regimen. The paper suggests that objective criteria were used for progression of the exercise program, but those criteria are not specifically mentioned either in the text or in the tables. That information would be instructive if we are to use clinical milestones in lieu of dates for advancing the exercise regimen.
In this particular patient, pain and swelling apparently were easily controlled with modalities and medication. The progression of activities documented in Table 2 did not result in undue stretching of the graft, as measured by ligament arthrometry using the KT1000 with side-to-side comparisons of manual maximum force. While preoperative and initial postoperative arthrometry was not recorded to document changes in laxity over time, the postoperative measurement indicated similar laxity to the opposite knee, which previously had undergone a more standard ACL postoperative rehabilitation protocol. Histological studies have shown that tendons heal to bone tunnels by formation of Sharpey's fibers, and that the ''fit'' of the graft in the tunnel, as well as forces applied to the graft, affect the quality and type of tissue at the bone graft interface. 2, 5, 7, 9 In a dog study, at 12 weeks postoperatively all grafts failed by in-substance failure rather than pull-out of the tunnel. 7 In the present case, the surgical technique left the 2 hamstring tendons attached at their native insertions on the tibia. Theoretically, this might improve the initial fixation strength; but I don't believe this technique has been compared to others biomechanically, so we can't know that for certain.
The stretching of grafts during rehabilitation is a concern even after the graft is firmly healed within the tunnels; but there is little information on whether this is due to excessive rather than insufficient stress on the remodeling graft. More work clearly is needed in this area because it is quite possible that, as long as fixation strength and tissue yield strength are not exceeded, controlled stress on the graft during the remodeling phase could actually be beneficial. I am aware of only 1 study evaluating the effects of force application on healing in the bone tunnels, and that study examined qualitative histology only. 9 Obviously we also cannot know for certain what the long-term effects of this regimen will be. There is little evidence that ACL reconstruction prevents arthritis, but evidence is equally limited that wellperformed intra-articular ACL reconstruction contributes to clinically significant degenerative joint disease. In our experience, a significant increase in laxity developing after 6 months postoperatively is seen only after reinjury, so it seems unlikely that this graft will stretch if it has not already done so. If he continues to play soccer, he is at risk for further injury and possibly the development of arthritis. But if so, it seems doubtful that this would be attributed to his early surgery or accelerated return to activity.
Everyone would agree with the authors that a reasonable objective in returning athletes to sports following ACL injury is to get them back as fast as safely possible. This paper tells us what is possible, but not what is ''safe.'' The mere fact that something is possible does not make it a good idea. A single case does not permit inferences even on other professional athletes because, without additional subjects, we cannot determine the risk of failure or complications. It is impossible to say whether the athlete was simply lucky. I am aware of several well-publicized American professional athletes who tried unsuccessfully to return to their preinjury levels within 3 to 4 months after an ACL tear and immediate reconstruction early in the season. One of them had a serious complication during a game 3 months after reconstruction; other athletes disappeared for months or years, and some never returned. But none of these cases has appeared in the peer-reviewed literature as an example for others to consider. Surely there have been other failures that we do not know about. Frankly, I doubt this case would have been written up if the outcome had not been so . . . reportable. Indeed, the most noteworthy aspect of the present case is its success against seemingly terrific odds. And that is really the point.
No one knows the limits of how rapidly we can rehabilitate an athlete postoperatively because there are so many variables associated with ACL reconstruction, such as the security of fixation, quality of the bone, and the quality of the graft during healing and remodeling. We know that preoperative factors (range of motion, strength, conditioning) are all important in predicting outcomes following ACL reconstruction. The patient in this case was a highly trained, motivated, and disciplined athlete in top physical form at the time of reconstruction. To the extent that you can pick your outcomes by selecting your patients well, conditions seem to have been ideally suited for success.
So, should we try this at home? Not yet. But the case points out questions needing further study. There is little question that few of us can match the resources and raw materials that contributed to this patient's excellent outcome, nor does it seem worth the expense except in rare circumstances. I hope that the authors will develop hypotheses from this case and apply them in well-designed and -controlled studies, with blinded assessment, not to mention full disclosure of failures as well as successes, so that we can understand and apply key principles of accelerated rehabilitation for the safe and rapid recovery of our own patients. Professional athletes like this one clearly are willing to take enormous risks at times to get back onto the field. They make a perfect sample for studies of early surgery followed by accelerated, goal-directed rehabilitation in order to test how quickly we can return them to the field, and at what risk. At the same time, more biomechanical studies are needed to help us understand the tolerance of grafts and fixation during accelerated rehabilitation that aims to prevent loss of lower extremity strength and control. While we share the Shelbourne group's concern for restoring knee extension, we are also very concerned with quadriceps strength at the time of return to play and our program and criteria for progression reflect that emphasis. The most recent published work from the Shelbourne group demonstrates that they regularly return subjects to play with significant quadriceps deficits (25%-30%). 9 We do not. The question of how the patient was able to have full knee range of motion so quickly after the injury and what he did for the 8 days after surgery (prior to beginning his outpatient regimen) are related. The patient was largely quiet during this period. After surgery he was instructed in a home exercise program with rest and aggressive elevation, passive and active range of motion exercises, ice, and neuromuscular electrical stimulation of the quadriceps for 2 to 3 hours every day, using a battery powered stimulator with his knee in full extension. 6 This is similar to the program of 1 week of bed rest, range of motion, and aggressive elevation advocated by the Shelbourne group again, with the exception of the quadriceps strength emphasis.
One cannot discount the role that each patient's unique biology plays in the healing process. This patient had very little swelling and no setbacks as the rehabilitation progressed. This in and of itself is remarkable, but essentially independent of the surgery and rehabilitation process. We were fortunate to have a motivated patient who was also a great healer.
Dr Fithian asked for a clearer explanation of our criteria for progression. The objective criteria considered for progression were no knee pain, no increase in effusion, and continued increase in knee range of motion. For the transition to the on-field rehabilitation, the criteria were knee extensors force of at least 80% of the contralateral side and the capacity to run at 8 to 10 km/h without symptoms for about 20 minutes. The return to official competitions was permitted, considering lack of subjective feeling of instability, a full recovery in soccer-specific drills, side-to-side difference in knee extensors isometric torques of less than 10%, aerobic threshold speed of greater than 11 km/h, and anaerobic threshold speed of greater than 13.5 km/h. Both Dr Fithian and Dr Shelbourne caution that a case report is insufficient upon which to base practice. We agree. Case reports do, however, allow for detailed explanation of the rehabilitation progression and the performance, response, and outcome of the patient. Ultimately, they allow us to describe what we do and from that description of practice, cases series, randomized clinical trials, and practice guidelines follow. [3] [4] [5] The issue of return to play after ACL reconstruction is complex. We think the extant evidence is that the graft is viable and responsive to stress at the time of implantation and that current rehabilitation regimens help rather than hinder healing. If the conventional wisdom of ACL rehabilitation held, then most grafts would be failing given current treatment regimens and timetables. They are not. The issue of safety is an interesting one. What is Dr Fithian's evidence that this return was not safe? Graft rupture or other consequential incident (eg, patellar fracture after bone-patellar tendon-bone autograft) in the early postoperative period is noteworthy largely because it is rare. Osteoarthritis occurs after ACL reconstruction at similar rates to those who do not undergo reconstruction and return to play, but there is no evidence to suggest that this incidence is higher in those who return earlier. 2 In fact there is evidence that there is no difference in incidence of osteoarthritis after reconstruction based on return to activity.
1 Dr Fithian's comments about professional athletes who fail after early return after ACL injury is an important point, but, like this case, anecdotal; the successes are generally quieter.
Dr Fithian is correct: in the literature, ''reportable'' cases are typically successful cases. We rarely publish our failures and negative results, even in large-scale research reports, run into ''publication bias.'' But the successes help us test the limits of our practice and challenge important assumptions about rehabilitation and conventional wisdom. As he points out, these questions are begging for testing in studies with clear research designs, not merely via descriptions of practice.
This case also brings up the idea of when circumstances collide and doctors and patients make decisions that are influenced by timing of sport seasons, opportunities to ''make'' teams, or to play in very important events. While this case demonstrated a once-in-a-lifetime opportunity for an athlete nearing the end of his career, once-in-a-lifetime opportunities happen for young athletes daily in our practices. Most athletes do not compete after high school and the ability to return for a championship game or a special competition is as unique a circumstance for them as the World Cup was for our patient. What this case has demonstrated is (and here we respectfully disagree with Dr Fithian) that we should ''try this at home'' under careful supervision, with clear criteria for progression and not simply base our return to activity on time after surgery.
The cost of this rehabilitation is approximately $60 to $65 (US) per session, a cost of roughly $7000 (US) for the rehabilitation of this elite athlete. US professional athletes routinely receive this kind of care. In our rehabilitation network the rehabilitation we described is used for all athletes after ACL reconstruction. While everyone does not have access to 3 sessions per day, there are some aspects of the rehabilitation program that are generalizable to ACL rehabilitation for all: the personalized progression of volume and intensity of exercise loads and the new
